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0 Apparatus for delivering substances into cells and tissues in a non-lethal manner. 



0 An apparatus for delivering substances into liv- 
ing ceils and tissues includes an impeller (50) of the 
type adapted to use an explosive charge for sending 
a macroprojectile through an accelerator passage 
(46) into a vacuum chamber (12). The vacuum 
chamber is divided into an upper vacuum chamber 
having an impact receiving plate (20) against which 
the macroprojectile will impact and a lower vacuum 
chamber in which the biological material to be im- 
pregnated by the substance is located. The sub- 
stance may be carried by a plurality of microprojec- 
tiles adhered to the base of the macroprojectile so 
that upon impact of the macroprojectile against the 
£J impact plate (20) in the upper vacuum chamber the 
™ microprojectiles carrying the substance will pass 
lO through an aperture in the impact plate and enter the 
JJJ biological material. Alternatively, the microprojectiles 
carrying the substance may be mounted on the 
surface of the impact plate facing the biological 
material so that upon impact of the macroprojectile 
against the impact plate, the microprojectiles will be 
O impelled into the biological material. 
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© Apparatus for delivering substances into cells and tissues in a non-lethal manner. 



© An apparatus for delivering substances into liv- 
ing cells and tissues includes an impeller of the type 
adapted to use an explosive charge for sending a 
macro projectile through an accelerator passage into 
a vacuum chamber. The vacuum chamber is divided 
into an upper vacuum chamber having an impact 
receiving plate against which the macroprojectile will 
impact and a lower vacuum chamber in which the 
biological material to be impregnated by the sub- 
stance is located. The substance may be carried by 
^ a plurality of micro projectiles adhered to the base of 
^the macroprojectile so that upon impact of the 
macroprojectile against the impact plate in the upper 
[2 vacuum chamber the microprojectiles carrying the 
00 substance will pass through an aperture in the im- 
pact plate and enter the biological material. Alter- 
{Yj natively, the microprojectiles carrying the substance 
CO may be mounted on the surface of the impact plate 
q facing the biological material so that upon impact of 
the macroprojectile against the impact plate, the 
microprojectiles will be impelled into the biological 
material. 
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BIOLISTIC APPARATUS FOR DELIVERING SUBSTANCES INTO CELLS AND TISSUES IN A NON-LETHAL 

MANNER 



BACKGROUND OF THE INVENTION 

The present invention is directed to a particle 
bombardment system for delivering substances 
into living cells and tissues and more specifically, 
to an apparatus for accelerating microprojectiles 
carrying these substances into a vacuum chamber 
containing the cells and tissues to be penetrated 
by the substances without contamination or lethal 
damage of the living cells and tissues by the 
specific means used to accelerate the microprojec- 
tiles. 

The named inventors of the present application 
are also the named inventors of copending U.S. 
Patent Application Serial No. 877,619 filed June 23, 
1986. which is a Continuation-in-Part of Application 
Serial No. 670771 filed November 13, 1984, which 
is directed to a "Method for Transporting Sub- 
stances Into Living Cells and. Tissues and Appara- 
tus Therefor". The biolistic process disclosed in 
these applications is a new and unique method for 
delivering substances into living cells and tissues. 

Needleless hypodermic injectors are old and 
well known in the art for introducing substances 
into tissues but not into cells. The U.S. Patent to 
Clark et al. {No. 3,853.125) discloses such a dis- 
posable needleless injector which includes a medi- 
cament containing ampule a container of pressur- 
ized gas and a connection operatively coupling the 
gas to the ampule to pressurize the medicament 
for discharge. The ampule includes at least one 
rigid end wall which is provided with an opening 
therein which serves as a discharge orifice through 
which the pressurized medicament is discharged in 
the form of a high pressure injection stream. The 
opposite end of the ampule is configured to permit 
the medicament to be rapidly pressurized by the 
gas. 

The U.S. patent to Schwebel et al. (No. 
4,124,024) is also directed to a disposable hy- 
podermic injection ampule for performing needless 
percutaneous injections. A propellant charge in one 
end of the discharge is exploded by means of a 
firing pin and the explosive gases drive a plunger 
to pressurize the fluid injectant and force it out- 
wardly of the device through a discharge orifice. 

The U.S. patent to Tsujino (No. 3,515,130) is 
directed to a jet-injection hypodermic device which 
consists essentially of a hydraulically operated in- 
jector, hydraulic pressure means connected to and 
supplying hydraulic pressure to the injector and 
hand operated control means to control the hydrau- 
lic pressure. The injector comprises an injector 
head containing a piston pump for drawing in injec- 



tion liquid through an inlet and ejecting the liquid 
through a fine ejection orifice. The hydraulic piston 
is driven in one direction for ejecting the injection 
fluid by hydraulic pressure and in the opposite 
s direction for drawing in injection liquid by a return 
spring. 

SUMMARY OF THE INVENTION 

70 

The present invention provides a new and im- 
proved apparatus for the delivery of substances 
into living cells and tissues in a more efficient 
manner, while minimizing the risk of damage or 

rs contamination of the living cells and tissues by 
extraneous materials. 

The present invention provides a new and im- 
proved apparatus for the delivery of substances 
into living cells and tissues comprising housing 

20 means having a vacuum chamber therein, partition 
means dividing said vacuum chamber into an up- 
per vacuum chamber and lower vacuum chamber, 
said partition means having resilientiy mounted im- 
pact means, barrel means detachably connected to 

25 said housing means and having an acceleration 
passage therein disposed in alignment with said 
impact receiving means and accelerating means 
detachably mounted at the opposite end of said 
barrel means for imparting acceleration to a macro- 

30 projectile along said acceleration passage into con- 
tact with said impact receiving means for accelerat- 
ing microprojectile means having a desired sub- 
stance thereon into an object mounted in said 
lower vacuum chamber. The microprojectile means 

35 may be carried by said macroprojectile means for 
delivery through an aperture in said impact receiv- 
ing means when said macroprojectile impacts 
against said impact receiving means or may be 
mounted on the side of said impact receiving 

40 means facing said lower vacuum chamber whereby 
the force of said macroprojectile impacting against 
said impact receiving means will accelerate said 
microprojectile means toward the object in said 
lower vacuum chamber. The accelerating means 

45 may be comprised of means for firing an explosive 
charge for imparting acceleration to a macroprojec- 
tile located in said acceleration passage or may be 
comprised of means for controlling the flow of a 
gas under pressure to said accelerator passage for 

so imparting acceleration directly to microprojectiles in 
said acceleration passage for impact directly on an 
object located in said vacuum chamber. 

The foregoing and other objects, features and 
advantages of the invention will be apparent from 
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the following more particular description of a pre- 
f rred embodiment of the invention as illustrated in 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a front perspective view of the 
apparatus according to the present invention. 

Figure 2 is a rear perspective view of the 
apparatus as shown in Figure 1 . 

Figure 3a is an exploded view showing the 
lower end of the barrel positioned above the vacu- 
um chamber with the impact receiving plate visible 
within the vacuum chamber. 

Figure 3b is an exploded, perspective view 
showing the lower end of the barrel positioned 
above the vacuum chamber. 

Figure 4a is a side elevation view, partly in 
section showing a first embodiment of an accelerat- 
ing mechanism. 

Figure 4b is an exploded view showing the 
relationship of the accelerating mechanism of Fig- 
ure 4a relative to the upper end of the barrel. 

Figure 5 is a perspective view showing the 
upper end of the barrel with a macroprojectile and 
an explosive device prior to insertion in the accel- 
eration passage. 

Figure 6 is an exploded view of the impact 
support assembly adapted to be located in the 
vacuum chamber. 

Figure 7 is a circuit diagram for the solenoid 
driven firing pin. 

Figure 8a is a side elevation view of a 
macroprojectile and stopping plate, according to 
k the present invention. 

Figure 8b is a perspective view of the micro- 
projectile and stopping plate of Figure 8a after 
impact. 

Figure 9 is a sectional side elevation view of 
a modified form of an impact transfer assembly. 

Figure 10 is a sectional side elevation view 
of a further modified impact transfer mechanism 
according to the present invention. 

Rgure 1 1 is a side elevational view, partly in 
section, of a second embodiment of an accelerat- 
ing mechanism according to the present invention. 

Rgure 12 is a schematic view, partly in 
section, of a third embodiment of an accelerating 
mechanism. 

DETAILED DESCRIPTION OF THE INVENTION 

An overall view of the apparatus according to 
the present invention is shown in Rgure 1. A hous- 
ing 10 defining a vacuum chamber 12 is located at 
on end of a support platform 14 and is provided 



with a transparent door 16 hinged along one side of 
the chamber. A gasket 17 is secured about the 
entire periphery of the opening for engagement by 
the door in the closed position to provide a 

5 vacuum-tight seal. A plurality of grooves 18 are 
formed on opposite sides of the chamber for ad- 
justably supporting a pair of shelves 20 and 22 at 
various positions within the chamber 12. The shelf 
20 is adapted to divide the vacuum chamber 12 

jo into an upper vacuum chamber and a lower vacu- 
um chamber and supports a macroprojectile impact 
assembly which will be described hereinafter. 

The lower shelf 22 merely provides a support 
for a sample holder 24 which may contain living 

is cells or tissues for bombardment by a plurality of 
microprojectiles. A surge chamber 26 is located 
within a second housing mounted adjacent the first 
housing 10 at the opposite end of the support plate 
14. A first conduit 28 having a suitable on-off valve 

20 30 is connected between the surge chamber and 
the upper vacuum chamber and a second conduit 
32 having a suitable valve 34 is connected between 
the surge chamber 26 and the lower vacuum 
chamber. Suitable filters 36 and 38 may be pro- 

25 vided in the conduits 28 and 32 respectively to 
prevent the transfer of any contaminants from the 
upper vacuum chamber to the lower vacuum cham- 
ber through the surge chamber 26. A pressure 
operated switch mechanism 40 of conventional de- 

30 sign, is connected through the wall of the housing 
10 and is responsive to the pressure within the 
vacuum chamber 12.' A fitting 42 is connected with 
the interior of the surge chamber 26 for connecting 
the chamber 26 to a suitable vacuum pump (not 

35 shown). Another fitting 44 having a manually con- 
trolled valve is connected to the interior of the 
lower vacuum chamber for venting the chamber to 
the atmosphere subsequent to the impregnation of 
the biological material. 

40 An acceleration barrel 46 having an accelera- 
tion passage which will be described hereinafter, is 
connected to the top of the housing 10. In the 
embodiment shown, an explosive charge is adapt- 
ed to be placed at the top of the barrel and a cover 

45 48 carrying a solenoid operated firing mechanism 
50 is secured to the upper end of the barrel 46. A 
control box 52 is mounted on the side of the surge 
chamber 26 and is electrically connected to the 
pressure operator switch 40, a source of power (not 

so shown) and the solenoid operated firing mechanism 
50. the details of which will be set forth hereinafter. 

Rgure 3 shows the upper end of the housing 
10 with the lower end of the barrel removed from 
the aperture 54 in the top of the housing 10. The 
55 barrel 46 is provided with a reduced diameter lower 
end 56 having a plurality of radially disposed vent 
passages 58 disposed in communication with the 
acceleration passage 60. The acceleration passage 
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60 is formed concentrically within a cylindrical core 
62 of stainless steel, which is surrounded by a 
thick aluminum cladding 64. A sealing groove 66 is 
provided in the lower end of the larger diameter 
portion of the barrel 46 for cooperation with a 
sealing ring 68 of elastimeric material disposed in 
an annular groove 70 concentric with the bore 54 in 
the tcp of the housing 10. The lower end of the 
large diameter portion of the cylinder 46 is pro- 
vided with a pair of diametrically opposed pins 72, 
cnly one of which is shown in Figure 3a, which 
cooperate with a pair of locking blocks 74 provided 
with oppositely directed recesses 76 which engage 
with the pins 72 to provide a twist-lock connection 
between the barrel and the housing. The support 
piate 20 for the impact receiving device is visible 
through the bore 54 in the top of the housing 10. 

A tcp piate or cap 78 for the upper end of the 
barrei 46 is shown in Figures 4a and 4b. The plate 
78 is provided with a downwardly extending skirt 
having a pair of diametrically opposed, oppositely 
directed notches 80 for cooperating with diamet- 
rically opposed pins 82 extending radially outward- 
ly from the top end of the barrel 46. The pins and 
notches provide a twist-lock connection between 
the top plate and the barrel and a sealing ring 84 is 
provided in the upper surface of the barrel 46 for 
ccoperation with the plate 78 to provide an air-tight 
ccnnecticn. A solenoid operated firing pin 86 is 
mounted on the top surface of the top plate 78 with 
the coil 88 electrically connected to the control box 
52 by means of a wire 90. 

A macroprojectile 65. as shown in Figures 5 
and 8. is in the form of a substantially cylindrical 
plug made of LEXAN, high density polyethylene or 
similar low-density materials with high cohesive 
strength. The macroprojectiles must be of low den- 
sity to reduce their momentum at impact, making it 
easier to stop them without releasing too much 
energy. Too much energy dissipation generates 
high velocity debris from both the macroprojectile 
and the stopping plate. High cohesive strength is 
needed to prevent shattering which would cause 
excessive high velocity debris damage to cells and 
tissues. Partial melting and deformation is desirable 
while excessive melting or vaporization will gen- 
erate debris. The shape of the macroprojectile 
should allow for molded manufacture, easy loading 
into the acceleration passage 60, while still giving 
the projectile 65 a very tight fit in the passage 60. 
Tightness of fit is needed to allow high compres- 
sion behind the projectile which allows for com- 
plete burn where gunpowder is employed and to 
prevent "blow by" of gasses or debris around the 
macroprojectile. since the material might damage 
the biological material on the front of the macro- 
projectile or might be accelerated in front of the 
microprojectiles into the lower vacuum chamber 



causing damage to cells or tissue. The macro- 
projectile shape should minimize mass while pre- 
serving cohesive strength and should have suffi- 
cient length to prevent tumbling during acceleration 

s prior to impacting on the stopping plate which will 
be described hereinafter. 

The macroprojectile should hold and center a 
plurality of microprojectiles on its front surface and 
a recess 73. as shown in Figure 8, has been 

70 provided for this purpose. To allow for easy load- 
ing, an expanded or flared rear end portion 73 is 
provided on the macroprojectile and a tapered re- 
cess 69 is provided in the rear surface to reduce 
mass and allow the driving force to expand the 

15 sidewalls of the macroprojectiles outward and en- 
sure a tight fit within the passage 60. For certain 
situations, metal faced macroprojectiles and metal 
stopping plates can be used. 

In order to facilitate loading of the macroprojec- 

20 tile into the bore 60. a loading tool as shown in 
Figure 5 is provided having a cylindrical handle 77, 
a small diameter rod 79 extending therefrom and 
having a tapered pin 71 on the forward end thereof. 
Thus, the pin can be force fitted into the tapered 

25 recess 69 for picking up the macroprojectile 65 and 
inserting it into the acceleration passage 60. The 
length of the rod 79 is such that when it is pushed 
fully into the passage 60 with the cylindrical handle 
77 engaging the upper surface of the barrel, there 

30 will remain just enough room in the acceleration 
passage for the insertion of an explosive charge 
63, which is in the form of an ordinary gun powder 
cartridge without a projectile on the end thereof. An 
explosive charge 63 is inserted into the passage 60 

35 and diametrically opposed recesses 61 are pro- 
vided at the top end of the passage 60 to facilitate 
in the insertion and removal of the explosive 
charge 63. The end of the explosive charge 63 will 
be flush with the upper surface of the barrel so that 

40 when the top plate is secured on the end of the 
barrel, the firing pin 86 will be disposed in close 
proximity to the end of the explosive charge 63. 

The impact receiving device is best shown in 
Figure 6, but is also seen in conjunction with the 

45 vacuum chamber in Figures 1 and 3a. The plate 
20. which is adapted to be adjustably disposed 
within the vacuum chamber 12 to divide the vacu- 
um chamber into the upper vacuum chamber and 
the lower vacuum chamber, is provided with a 

so central aperture 91 having an annular recess 92 
extended about the aperture 91 for the reception of 
- an elastomeric ring 93. A support disk 94 having a 
central aperture 95 has a diameter approximately 
equal to the diameter of the elastomeric ring 93 

55 and is adapted to be superimposed thereon. The 
locking plate 96, having a plurality of longated 
slotted apertures 97 disposed about the periphery 
thereof, is adapted to rest on the support disk 94 
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with the headed pins 98 extending into and locking 
the locking plate 96 to th plate 20 by means of a 
twist-lock operation. The locking plate 96 is pro- 
vided with a central aperture 99 which is substan- 
tially larger than the aperture 95 and disposed 
coaxial therewith. An annular plate of spring steel 
100 is fitted within the aperture 99 with an annular 
ring of elastomeric material 102 superimposed 
thereon. The impact or stopping plate 104 is in the 
form of a disposable disk 104 made of LEXAN or a 
similar material which absorbs the energy of the 
macroprojectile 65 through permanent deformation 
in a manner which is uniquely suited for dissipating 
large amounts of ballistic energy without shattering. 
The plate 104 is provided with an aperture in the 
center thereof which is sized relative to the macro- 
projectile 65 and a recess 73 in which the micro- 
projectiles are located, so that the plate 104 will 
stop the macroprojectile 65 while permitted the 
microprojectiles to pass through the aperture 106 
in the plate 104 as best seen in Figure 8a. The 
aperture or hole 106 tapers outwardly on the op- 
posite side of the plate 104 to achieve better dis- 
persion of the microprojectiles toward the biological 
material carried in the dish 24 within the lower 
vacuum chamber. The plate 1Q4 f the elastimeric 
ring 102 and the spring disk 100. are secured in 
place relative to the locking plate 96 by means of a 
pair of pivoted spring arms 108. As the macro- 
projectile deforms against the plate 104 it will com- 
pletely fill and close the aperture 106 as shown in 
Figure 8b to completely seal off the upper vacuum 
chamber from the lower vacuum chamber and pre- 
vent the passage of explosive debris or impact 
debris from passing through the plate 20 into the 
lower chamber where the biological material is lo- 
cated. 

A complete operative cycle of operation of the 
apparatus will now be described. A valve 44 is 
opened to place the interior of the housing 10 at 
atmospheric pressure, thereby allowing the door 1 6 
to be opened. The dish 24 containing the biological 
material which is to be impregnated with a desired 
substance such as DNA material, is placed on the 
adjustable support plate 22 which is perforated so 
that the portion of the chamber above and below 
the support plate 22 will be at the same pressure. 
A new stopping plate 104 is secured to the impact 
receiving mechanism mounted on the plate 20 
which is upwardly positioned within the housing 10 
to divide the interior of the housing 10 into an 
upper vacuum chamber and a lower vacuum cham- 
ber. The door 16 is then closed and latched and 
the valve 44 is closed to cut off the interior of the 
housing 10 from th atmosphere. The barrel 46 is 
secured to the upper surface of the housing 10 by 
means of a twist-lock connection with the acc lera- 
tion passage 60 of the barrel disposed in alignment 



with the aperture 106 in the stopping plate 104. 
The microprojectiles carrying the substance which 
is to be impregnated into the biological tissue is 
then placed in a recess 73 in the bottom of a 

s macroprojectile 65. The macroprojectile 65 with the 
microprojectiles adhered thereto is then loaded into 
the barrel by means of the tool, as shown in Figure 
5. An explosive cartridge 63 is then inserted into 
the upper end of the acceleration passage 60 and 

to the top plate 78 is secured to the upper end of the 
barrel by means of the twist-lock connection. The 
valves 30 and 34 are moved to the open position 
interconnecting the upper and lower vacuum cham- 
bers with the surge chamber 26. A vacuum pump 

15 or other suitable source of vacuum is connected to 
the fitting 42 and operated to reduce the pressure 
within the vacuum chambers and the surge cham- 
ber. When the vacuum in the upper and lower 
vacuum chambers reaches a predetermined value, 

20 the vacuum operated switch 40 shown in Figures 1 
and 7. will close. At this time the solenoid operated 
firing pin will not be operated but the arming light 
107 will be turned on, indicating that the apparatus 
is ready for firing. The valve 34 is then closed to 

25 isolate the lower vacuum chamber containing the 
biological substance to be impregnated from the 
upper vacuum chamber which will contain explo- 
sive debris after the firing takes place. The firing 
switch 110 is then closed to activate the solenoid 

30 driven firing pin which will detonate the explosive 
charge 63 and drive the macroprojectile 65 through 
the acceleration passage, whereupon it will impact 
against the stopping plate 104. The inertia of the 
macroprojectile 65 will be absorbed by the stop- 

35 ping mechanism shown in Figure 6 and the micro- 
projectiles carrying the desired substance will be 
accelerated through the opening 106 into the bio- 
logical material in the dish 24. The sudden surge of 
high pressure within the upper vacuum chamber 

40 can be absorbed by the surge chamber 26 and any 
debris will be trapped in the filter 36. The source of 
vacuum can then be deactivated, the valve 44 
opened to communicate the interior of the housing 
10 with the atmosphere and the door 16 opened to 

45 remove the dish containing the impregnated bio- 
logical material. 

An alternative method of stopping the macro- 
projectile and launching microprojectiles is shown 
in Figure 9. The macroprojectile 1 12 is similar in all 

so respects to the macroprojectile 65 described pre- 
viously, with the exception that the macroprojectile 
1 12 is not provided with any means for carrying the 
microprojectiles. The plate 20. the elastomeric ring 
93, the disk 94 and the locking plate 96 are sub- 

55 stantially identical to the corresponding elements 
previously described with respect to Figure 6. How- 
ever, in th c ntral aperture 99 of the locking plate 
* 96, a thin lightweight disk 114 is supported on an 
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elastomeric ring 116 with the coated microprojec- 
tiles 113 adhered to the surface thereof opposite 
the surface against which the macroprojectile 112 
will impact. The thin plate should be of very low 
mass so that the velocity of the combined macro- 
projectile and the thin disk after impact is as near 
as possible to the impact velocity of the macro- 
projectile. Thus, the microprojectiles will be accel- 
erated from the disk 114 through the aperture 94 
and impact on the biological material in the lower 
vacuum chamber. In the embodiment of Figure 9, 
the disk is constructed of titanium. In the embodi- 
ment of Figure 10, a locally thin disk of LEXAN 115 
having a recess 16 for the reception of the micro- 
projectiles is utilized in lieu of the titanium disk 
114. In both of these embodiments, as well as in 
the first embodiment, using the apertured stopping 
plate, the complete sealing will take place between 
the upper vacuum chamber and the lower vacuum 
chamber so as to prevent the passage of extrane- 
ous material such as explosive debris which would 
contaminate or damage the biological material in 
the lower vacuum chamber. 

While the explosive charge illustrated in the 
first embodiment is substantially the same as a 
cartridge used in a gun which is fired upon impact 
of a firing pin. in any case, the firing will be 
electrically controlled using a circuit similar to that 
shown in Figure 7 for activating the firing pin. The 
safety switch, or pressure operated switch can be 
set to any desired pressure threshold. This ar- 
rangement provides a safety mechanism which 
cnly allows firing when there is some degree of 
vacuum in the chamber, thereby preventing the 
firing of the explosive charge when the door is 
open, or when the barrel is disassembled, thus 
ensuring that no high velocity material can escape 
from the apparatus and cause personal injury. 

In addition to utilizing an explosive type accel- 
eration force generator, it is possible to air, helium 
or other like gasses as a driving force. The advan- 
tage of compressed gas over an explosive charge 
as an energy source is that it is cleaner, can be 
used as a blast or alternatively as a continuous- 
feed stream, and can be used to accelerate either 
macroprcjectiles, which is turn will accelerate 
microprojectiles, or accelerate microprojectiles di- 
rectly. It is well known that light gasses such as 
helium accelerate into areas of reduced pressure at 
much greater velocities than heavier gasses such 
as air, due to their greater mean kinetic energy at a 
given temperature. A continuous stream of high 
pressure helium can be provided into the accelera- 
tion barr I in the manner shown in Figure 11. The 
tank of compressed gas 120 is connected by suit- 
able tubing 122 to a passage 124 in the top plate 
126 which will communicate directly into the accel- 
eration passage 60 when the top plate 126 is 



secured to th upper end of the barrel by means of 
the twist-lock connection. Alternatively, short bursts 
of helium can be provided to the acceleration bar- 
rel through a rapid release valve mechanism such 

s as that shown in Figure 12. Such a mechanism is 
employed in commercially available pellet guns 
and includes a connector 130 adapted to be con- 
nected to a source of gas under pressure. The 
connector supplies the pressurized gas to a pas- 

w sage 132 within the top plate 134. A pair of valve 
members 133 and 135 are disposed within the 
passage and are normally biased by means of the 
spring 137 into engagement with the valve seats 
131 and 138 to prevent the passage of com- 

75 pressed gas through the aperture 139 into the 
acceleration barrel. When gas is supplied to pas- 
sage 132, the valve 133 opens to admit gas into 
the chamber containing spring 137. Upon depres- 
sion of the hammer 136. the valve member 135 will 

20 be moved to the open position against the force of 
the spring 137 to allow a burst of pressurized gas 
into the acceleration passage 60 when the top plate 
134 is secured to the top of the barrel by the twist- 
lock connection. 

25 While the invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it will be understood by 
those in the art that the foregoing and other 
changes in form and details may be made therein 

30 without departing from the spirit and scope of the 
invention. 

Claims 

35 

1. An apparatus for the delivery of a substance 
into living cells and tissues comprising: 

housing means having a vacuum chamber therein, 
connecting means for connecting said vacuum 

40 chamber to a source of vacuum, 

a horizontally disposed partition in said vacuum 
chamber dividing said chamber into an upper vacu- 
um chamber and a lower vacuum chamber, 
means defining an aperture in a top wail of said 

45 upper vacuum chamber, 

impelling means connected to said housing means 
and extending into said aperture for imparting an 
impelling force to a substance and 
impact receiving means mounted in an aperture in 

so said partition for directing a substance into a bio- 
logical sample in said lower vacuum chamber while 
dissipating forces generated by said impelling 
means in said upp r vacuum chamber. 

2. An apparatus as set forth in claim 1, further 
55 comprising surge tank means, 

first and second conduit means each having shut 
off valve means interconnected between said surge 
tank means and said upper vacuum chamber and 
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said surge tank means and said lower vacuum 
chamber respectively, whereby said upper and 
lower vacuum chambers and said surge tank 
means may be evacuated when said shut off valve 
means are in the op n condition and wherein said s 
forces generated by said impelling means may be 
dissipated to said surge tank means when said 
shut off valve means in said first conduit means is 
in the open condition and said shut off vaive means 
in said second conduit means is in the closed io 
condition. 

3. An apparatus as set forth in ciaim 1, wherein 
said impelling means is comprised of barrel means 
connected to said housing means and having a 
large diameter portion adapted to rest on said top 75 
wall and a reduced diameter portion adapted to 
extend through said aperture in said top wall into 

said upper vacuum chamber, 

accelerator passage means extending through said 

barrel means for receiving a macroprojectile and 20 

for supporting an explosive charge adjacent an 

upper end of said passage means, and 

cover means connected to said barrel means and 

electrically operated firing means carried by said 

cover means for igniting the explosive charge in 25 

the upper end of said passage means. 

4. An apparatus as set forth in claim 3, further 
comprising control circuit means connected to said 
firing means and including pressure operated 
switch means operabiy connected to said lower 30 
vacuum chamber and manual firing switch means 
connected in series with said firing means and said 
pusher operated switch means. 

5. An apparatus as set forth in claim 3, wherein 

said impact receiving means is comprised of a 35 
disposable disk having a central aperture thereth- 
rough, 

means for resiliently mounting said disk on said 
partition in alignment with the aperture partition and 
in alignment with said accelerator passage means, to 
said macroprojectile having a diameter greater than 
the diameter of said central aperture and having 
means on the end thereof remote from said explo- 
sive charge for carrying a plurality of microprojec- 
tiles coated with a substance to be injected into a 45 
biological sample, whereby upon ignition of said 
explosive charge, said macroprojectile will be im- 
pelled along said accelerator passage means and 
impact on said disk in the area surrounding the 
central aperture thereof permitting the microprojec- so 
tiles to continue through said central aperture into a 
biological substance located in said lower vacuum 
chamber with the macroprojectile being deformed 
to block and seal said central aperture. 

6. An apparatus as set forth in claim 3. wherein 55 
said impact receiving means is comprised of a disk 
adapted to have microprojectiles coated with a 
substance to be injected into a biological sub- 



stance adhered to one surfac thereof, 
means for resiliently supporting said disk over the 
aperture in said partition with the microprojectiles 
facing into the lower vacuum chamber above a 
biological sample to be impregnated whereby upon 
firing of said firing means an explosive charge will 
be ignited to impel said macroprojectile through 
said accelerator passage means into engagement 
with said disk thereby transferring energy from the 
macroprojectile to the microprojectiles and impel- 
ling them into the biological substance. 

7. An apparatus as set forth in claim 1 wherein 
said impelling means is comprised of barrel means 
connected to said housing means and having a 
large diameter portion adapted to rest on said top 
wall and a reduced diameter portion adapted to 
extend through said aperture in said top wall into 
said upper vacuum chamber, 

accelerator passage means extending through said 
barrel means for receiving a macroprojectile adja- 
cent an upper end of said passage means, and 
cover means connected to said barrel means and 
having a gas passage extending therethrough with 
an inlet end adapted to be connected to a source 
of pressurized gas and an outlet end in alignment 
with said accelerator passage means. 

8. An apparatus as set forth in ciaim 7 further 
comprising valve means disposed in operative rela- 
tion to said gas passage for controlling the flow of 
pressurized gas to provide a short burst of pressur- 
ized gas to impel the macroprojectile through said 
accelerator passage means into engagement with 
said impact receiving means. 

9. A projectile for use with an apparatus for 
delivering a substance into cells and tissues in a 
non-lethal manner comprising a substantially cylin- 
drical plug of low density material having a sub- 
stantially conical recess in one end thereof with the 
plug having an outwardly tappering annular surface 
adjacent to said one end. 

10. A projectile as set forth in claim 9 further 
comprising an additional recess in the other end of 
said plug in alignment with said conical recess. 
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